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Questions for flavor physics

® At scale my, O(100) higher dimensional ‘gve?k/iNPij"e ~ 5G_6_V ]
flavor changing operators i Mg = >0,
2= >—s -—>—Z—>—_ o
Depend on a few param’s in SM =- intri- E“Té/ - SuF e

cate correlations between s, ¢,b,¢t decays 7 g —> XX @8),, (D).,

E.g. Amg b—dvy b— det e~ Via

. : : all «
Amgs b — sy b— sbti— s

In SM, but test different S.D. physics

® W, Z, guarks
all

® B(B — X,v) = (3.44+0.3) x 10~* — great triumph; major effort toward NNLO
Expected error < 5% (4-loop running, 3-loop matching and matrix elements)

® B(B — X J/T¢") = (4.5 £ 1.0) x 107 also agrees with SM; NNLO calculation
practically completed, theory error ~ 10%
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Status of B — X ¢4~

® NNLO b — s¢*t¢~ perturbative calculation T

[Bobeth, Misiak, Urban, Gambino, Gorbahn, Haisch, Asatryan, Asatrian, Greub,

Walker, Ghinculov, Hurth, Isidori, Yao, etc.] 3 I

Nonperturbative corrections to rate

[Falk, Luke, Savage, Ali, Hiller, Handoko, Morozumi, Buchalla, Isidori, Rey]

® Rate depends on (mostly)

O7r =my EJWeFWPRb,
(57, PLb) (40),
O10 = €” (87, PLb) (£v"50)

0
0
§
Theory most precise for 1 GeV? < ¢> < 6GeV? &
S

- |[Ghinculov,| Hurth, Isidori, Yao]
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® Experiments use additional cut, mx, <2 GeV

(2 GeV [Belle, hep-ex/0503044]; 1.8 (GeV [Babar, hep-ex/0404006]) B [Belle, hep-ex/0503044] %

5 10 q2 1(5Ge\70/c)2 25

~
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B — X £7¢~ kinematics

® There are only two kinematic variables symmetric in p,+ and p,-
2mpEx = mQB + m%( — q°
m3 < m%5 & m% — ¢*¢<m% = Ex = O(mp) & E% > m% = px near light-cone

py =n-px =O(Aqep) px =7 -px = O(mp) n,n = (1, £px/|px])

+ — . . . . .
® p, < py: Jet-like hadronic final state | [o1d plotfor B — X,¢7; shaded: m% > m?]

Theoretical issues similar to mea-
qZ

surement of |V,| from B — X /0 e S Ge

20+

15+

® Parton level: T oc f(q?) 8[(myv — q)?] 1ol mb=4.7\c\;\;s;}}\‘\§f* \
m3 > AN(mp — ¢*/my) T

rate vanishes left of the dashed lines o
= nonperturbative physics important : ! 2

my=4.8 GeV .
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Reminder: inclusive decays

® |I/.;|: hadronic param’s (my, A, A1 2, etc.) fitted from ~90 observables; tests theory
= |Vep| = (41.540.7) x 1073, m}® = 4.68 £0.03 GeV, m.(m.) = 1.22+0.06 GeV

® |I/,,|: rate known to ~ 5%; phase space cuts to remove
B — X v (essentially all but ¢°) introduce O(1) depen-
dence on nonperturbative b quark distribution function

dr/de,

Hadronic parameters become functions, not constants
Leading order: universal and related to B — X,v; but
several new unknown functions at O(Aqcp/ms)

® B(B — X,v) = (3.440.3) x 10~* — triumph for SM
Major effort toward NNLO: pert. theory error < 5%

Crucial to measure with as low Ef;“t as possible

Branching Fraction / 100 MeV

dr (b c)/dE,
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Perturbation theory for amplitude or rate?

® Usual power counting: expand (s¢*¢~|H|b) in ay, treating o In(my /my) = O(1)

This is OK in local OPE region (e.g., rate or ¢* spectrum) where nonperturbative
corrections (A; o2, etc.) are small and can be included at the end

® Shape function region: only the rate is calculable, ' ~ Im (B| T{O](x) 0;(0)}|B)

Co(myp) ~ In(mw /myp) ~ 1/a, “enhancement”, but |Cy(my)| ~ Cig
— Need to take it seriously to cancel scheme- and scale-dependence in running

— Do not want power counting to imply that <B|O$Og|B> at O(a?) is of same
order as (B|0],010|B) at tree level

® Matching onto SCET, can separate p-dependence in matrix element that cancels
that in running from O(mw ) to O(my), and dependence on scales /myAqcp and
Uhadr ~ 1 GeV — can work to different orders

: Z.Ligeti—p.5 A




Matching and running below m,

® Match H,, () on SCET at pp ~ my

® Run down to y; ~ /msAqep
4?1 = g / dk J(k) fO(k)
H and J perturbative, (% nonperturbative

® Take f(9(k) from B — X v, or run model from pg to [Bosch, Lange, Neubert, Paz]
(recall: Aqep/ms suppressed shape functions are non-universal)

Vg (1g,10) ~ n 1 16 <
FO@, ) = = ( w) / at fOla(1 =", | = 1In= {pi0)
L +mn) \w/ Jo 27 o)

~
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Matching onto SCET

® SCET operators: Jég) = Z Ogi(s)<>‘<n,p N HU) (£~,£) + similar Cyo 7 terms

i=a,b,c

7
n
Hv = YTth y Xn = W]Lf'n , Fg_c = PR {”}/’u, UNJ, } [Lee and Stewart, hep-ph/05117?7?7]
mn - v
a) e b) A
(" \/
q q > o‘) 3, ——>
0 S s
b, ¢ D0y

[ — - -

Sn

® \\ilson Coefficients: Cy, = Ngeff[l + O(ay)] Cop.c = O(as)
Some parts of the “usual” NLL O(«,) corrections included in CST  juisiak, suras, vunz
now contribute to the jet function, J, some others to the shape function, f(© (k)

~
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Effects of 1 x cut at lowest order

® Define: , t 1
6 GeV 0 mgg ) dFZ i
dqg dm’y 5 :
_ J1Gev? 0 dg? dms, 08
€= /6GeV2 ) dl—wZ |
dq 0.6 -
1 GeV?2 dq2 7

i = C? and C7,, C;C,, C2 — different 0.4

functionally for each contribution ozl

dashed: tree level
solid: with a fixed shape function model = 1 18 2 2.2 2.4

® ¢ determines fraction of rate that is measured in presence of mx cut

l.e., a 30% deviation at m$* = 1.8 GeV may be hadronic physics, not new physics

[Experimental papers use ACCMM model to describe mx > 1.1 GeV region]

~
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Effects of 1 x cut at lowest order

® Define;

J

6 GreV2

L GeV?2

€;

6GeV2
Jis
1 GeV?2
i = C2 and C%,, C7Cy,

dashed: tree level
solid: with a fixed shape

2(jIji
dg?

— different 04
functionally for each contribution ’

function model

08!

0.6 |

02|

1.8 2.2 2.4

® Strong mS* dependence: important to raise it above ~ 2.2 GeV
Once 1 — ¢ is sizable, so will be its uncertainty

® Approximate universality of ¢;: because shape function varies on scale p%. /Aqcp,
while TP**°" varies on scale p% /my, = €~ ¢

@)
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Comments

® Modest ¢2-dependence of Cy for 1 GeV? < ¢ < 6 GeV? can be included trivially
Shape function uncertainties estimated using B — X v spectrum

Since largest effect of NNLO is to reduce p-dependence, while not significantly
affecting ¢? distribution, € at NNLO is approximately the same as at NLO

® If increasing mS* above ~ 2.2 GeV is very hard experimentally, can keep it below
mp and normalize to B — X /v rate with same cuts to minimize uncertainties

~
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Conclusions

® To achieve theoretical limits in sensitivity to NP in B — X/¢7¢—, small ¢° region is
Important

® Experimentally used mx cuts make observed rate sensitive to the shape function
® SF region: expansion for rate, not the amplitude, reorganize perturbation theory

® Approximate universality of ¢; for different contributions

~
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One-page introduction to SCET

® Effective theory for processes involving energetic hadrons, £ > A

[Bauer, Fleming, Luke, Pirjol, Stewart, + ...]

Introduce distinct fields for relevant degrees of freedom, power counting in A

modes fields p=(+,—,1) p* SCET: A = /A/E —jets (m~AE)
collinear &, ,, A" E(M\%1,)) E*)\?
SCETy: A = A/E — hadrons (m~A)

n,q
soft qq, A” EX N E?)\?
usoft  qus, A% E(AZ,A2,A%)  E2)* Match QCD — SCET; — SCETy

® Can decouple ultrasoft gluons from collinear Lagrangian at leading order in A
Enp = Yn 57(31)9 Apngs =Y, Aq(q% YT Y, = Pexp [ig ffoo dsn - Aus(ns)]
Nonperturbative usoft effects made explicit through factors of Y,, in operators

New symmetries: collinear / soft gauge invariance

® (B — DT(', ﬂ'gﬂ) [Bauer, Pirjol, Stewart]

~
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Photon polarizationin B — X v

® IsB — Xyydueto O; ~ 50" F,,(mpyPr+ msPr)b or so""F,,(mpPr, +msPr)b?

SM: In mys — 0 limit, v must be left-handed to conserve J, W
t,c,u s

O7 ~ 5 (my ij + m, Fjj;) b, therefore b — sy, dominates : §
Inclusive B — X~ Exclusive B — K*v !

Y b s Y B K*

- @ > - @ >
Assumption: 2-body decay ... quark model (s, Implies Jf* =—1)
Does not apply for b — svg ... higher K* Fock states

® One measurement so far; had been expected to give Sk« = —2 (ms/mp)sin 2

F[Eo(t) — K*fy] _ F[Bo(t) N K*'y] . [Atwood, Gronau, Soni]
2] = Skxysin(Amt) — Cgx, cos(Amt)
['[BO(t) — K*y] 4+ I'[BO(t) — K*v]

~
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Right-handed photons in the SM

® Dominant source of “wrong-helicity” photons in the SM is Oy  [Grinstein, Grossman, ZL, Pirjol]

Y gg@
Equal b — sy, syg rates at O(a,); calculated to O(a24y) Q
Inclusively only rates are calculable: I'{5"™ /Ty ~ 0.025
A(b — syr)/A(b — svL) ~ 1/0.025/2 = 0.11 b >

® Exclusive B — K*~: factorizable part contains an operator that could contribute
at leading order in Aqcp/muw, butits B — K*~y matrix element vanishes

Subleading order: several contributions to B° — K%~p, no complete study yet

H0 _ T 0%
We estimate: A8 = K7vr) _ O( = AQCD) ~ 0.1
A(BO — KO*’yL) 3C7 my
® Sgcey = —0.1340.32

~

. Z.Ligeti— p. 13




